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The Corps of Engineers’ comprehensive study of Chesapeake Bay is being
accomplished in three distinct developmental stages or phases. Each of these
phases is responsive to one of the following stated objectives of the study
program. :

1. To assess the existing physical, chemical, biological, economic and
environmental conditions of Chesapeake Bay and its related land resources.

2. To project the future water resources needs of Chesapeake Bay to
the year 2020.

3. To formulate and recommend solutions to priority problems using
the Chesapeake Bay Hydraulic Model.

In response to the first objective of the study, the initial or inventory phase
of the program was completed in 1973 and the findings were published in a
document titled Chesapeake Bay Existing Conditions Report. Included in
this seven-volume report is a description of the existing physical, economic,
social, biological and environmental conditions of Chesapeake Bay. This was
the first published report that presented a comprehensive survey of the
entire Bay Region and treated the Chesapeake Bay as a single entity. Most
importantly, the report contains the historical records and basic data
required to project the future demands on the Bay and to assess the ability
of the resource to meet those demands. :

In response to the second objective of the study, the findings of the second
or future projections phase of the program are provided in this the
Chesapeake Bay Future Conditions Report. The primary focus of this report
is the projection of water resources needs to the year 2020 and the
identification of the problems and conflicts which would result from the
unrestrained growth and use of the Bay’s resources. This report, therefore,
provides the basic information necessary to proceed into the next or plan
formulation phase of the program. It should be emphasized that, by design,
this report addresses only the water resources related needs and problems.
No attempt has been made to identify or analyze solutions to specific
problems. Solutions to priority problems will be evaluated in the third phase
of the program and the findings will be published in subsequent reports.

The Chesapeake Bay Future Conditions Report consists of a summary
document and 16 supporting appendices. Appendices 1 and 2 are general
background. documents containing information describing the history and

. conduct of the study and the manner in which the study was coordinated

with the various Federal and State agencies, scientific institutions and the
public. Appendices 3 through 15 each contain information on specific water
and related land resource uses to include an inventory of the present status
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and expected future needs and problems. Appendix 16 focuses on the
formulation of the initial testing program for the Chesapeake Bay Hydraulic
Model. Included in this appendix is a description of the hydraulic model, a
list of problems considered for inclusion in the initial testing program and a
detailed description of the selected first year model studies program.

The published volumes of the Chesapeake Bay Future Conditions Report
include:

Volume Number Appendix Number and Title
1 Summary Report
2 | 1 — Study Organization, Coordination and
History

2 — Public Participation and Information

3 3 — Economic and Social Profile

4 4 — Water-Related Land Resources

5 5 — Municipal and Industrial Water Supply
6 — Agricultural Water Supply

6 7 — Water Quality

7 _ 8 — Recreation

8 9 — Navigation

10 — Flood Control
11 — Shoreline Erosion

9 | 12 - Fish and Wildlife
10 13 — Power
14 — Noxious Weeds
1 15 — Biota

12 16 — Hydraulic Model Testing
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CHAPTER 1
THE STUDY AND THE REPORT

The Chesapeake Bay Study evolved through the need for a complete and
comprehensive investigation of the use and control of the water resources of
the Bay Area. Chesapeake Bay is a vast natural resource. Along with its
tributaries, the Bay provides a natural transportation network on which the
economic development of the Region has been based, a wide variety of water-
oriented recreational opportunities, a home for numerous fish and wildlife, a
source of water supply for both municipalities and industries, and the site for
final disposal of our waste products. All of the natural resources provided by
the Bay interact with each other, in conjunction with the activities of man, to
form a complex but interrelated system, Unfortunately, problems often arise
when man’s intended use of one resource conflicts with either the natural
environment or man’s use of another resource. It was towards a plan for the
most efficient use of the Bay’s natural resources that the Chesapeake Bay
Study was conceived.

In the first phase of the Study, the existing physical, biological, economic,
social, and environmental conditions and problem areas were identified and
presented in the Existing Conditions Report. The Future Conditions Report,
of which this appendix is a part, presents the findings of the second or
projections phase of the Study. Included as part of the second phase are the
projections of future water resource needs and problem areas, identification of
general means that might best be used to satisfy those needs, and
recommendations for future studies and hydraulic model testing. The results
of this phase of the Study and this report constitute the next step toward the
goal of developing a comprehensive water resource management program for
Chesapeake Bay.

The tributaries that flow into the Bay serve as sources of municipal and
industrial water supply as do the vast ground water resources that underlie the
Bay Region. The demands on both the surface and ground water resources
have increased substantially in the past two decades and are expected to
increase even more over the next 50 years. As these demands on the Bay’s
sources of freshwater increase, conflicts will arise between those activities or
resources that require freshwater.

The subject of this volume is municipal and industrial water supply, and as
such, will focus on the existing and future demands for freshwater in the Bay
Region. In addition to identifying the future water supply demands, this
volume also provides an assessment of both available freshwater supplies and
potential deficits. Also included is a discussion of the measures that can be
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used to either meet or control future water supply demands. Those studies
required to develop comprehensive water supply plans for the Chesapeake Bay
Region are also identified.

AUTHORITY

The authority for the Chesapeake Bay Study and the construction of the
hydraulic model is contained in Section 312 of the River and Harbor Act of
1965, adopted 27 October 1965, which reads as follows:

(a) The Secretary of the Army, acting through the Chief of Engineers, is
authorized and directed to make a complete investigation and study of
water utilization and control of the Chesapeake Bay Basin, including the
waters of the Baltimore Harbor and including, but not limited to, the
following: navigation, fisheries, flood control, control of noxious weeds,
water pollution, water quality control, beach erosion, and recreation. In
order to carry out the purposes of this section, the Secretary, acting through
the Chief of Engineers, shall construct, operate, and maintain in the State of
Maryland a hydraulic model of the Chesapeake Bay Basin and associated
technical center. Such model and center may be utilized, subject to such
terms and conditions as the Secretary deems necessary, by any department,
agency, or instrumentality of the Federal Government or of the States of
Maryland, Virginia, and Pennsylvania, in connection with any research,
investigation, or study being carried on by them of any aspects of the
Chesapeaké Bay Basin. The study authorized by this section shall be given
priority.

(b) There is authorized to be appropriated not to exceed $6,000,000 to carry
out this section.

An additional vappropriation for the study was provided in Section 3 of the
River Basin Monetary Authorization act of 1970, adopted 19 June 1970,
which reads as follows:

In addition to the previous authorization, the completion of the
Chesapeake Bay Basin Comprehensive Study, Maryland, Virginia, and
Pennsylvania, authorized by the River and Harbor Act of 1965 is hereby
authorized at an estimated cost of $9,000,000.

As a result of Tropical Storm Agnes, which caused extensive damage in
Chesapeake Bay, Public Law 92-607, the Supplemental Appropriation Act of
1973, signed by the President on 31 December 1972, included $275,000 for
additional studies of the impact of the storm on Chesapeake Bay.
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PURPOSE

Historically, measures taken to utilize and control the water and land
resources of the Chesapeake Bay Basin have generally been oriented toward
solving individual problems. The Chesapeake Bay Study provides a
comprehensive study of the entire Bay Area in order that the most beneficial
use be made of the water-related resources. The major objectives of the Study
are to: .

a. Assess the existing physical, chemical, biological, economic, and
environmental conditions of Chesapeake Bay and its water resources.

b. Project the future water resources needs of Chesapeake Bay to the year
2020.

c. Formulate and recommend solutions to priority problems using the
Chesapeake Bay Hydraulic Model.

The Chesapeake Bay Existing Conditions Report, published in 1973, met the
first objective of the Study by presenting a detailed inventory of the
Chesapeake Bay and its water resources. Divided into a summary and four
appendixes, the report presented an overview of the Bay Area and the
economy; a survey of the Bay’s land resources and its use; and a description of
the Bay’s life forms and hydrodynamics.

The purpose of the Future Conditions Report is to provide a format for
presenting the findings of the Chesapeake Bay Study. Satisfying the second
objective of the Study, the report describes the present use of the resource,
presents the demands to be placed on the resource to the year 2020, assesses the
ability of the resources to meet future demands, and identifies additional
studies required to develop a management plan for Chesapeake Bay.

This particular appendix was developed as the water supply link in the
assessment of the future conditions of the Bay. The findings in this volume, as
regards the future needs for water, will provide a basis for comparison with
other resource categories. Since it is understood that future growth in water
supply demand will vary according to many local conditions, the results
presented here are not intended as detailed assessments of the future water
needs for the individual water systems. Rather, the demands are intended
more as a guide for region-wide resource analysis and problem identification.
In the sense that future uses and consumptive losses of water may cause
conflicts with other resource categories and uses, the information presented

-here will also serve to identify these present or emerging conflicts.
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SCOPE

The scope of the Chesapeake Bay Study and the Future Conditions Report
includes the fields of engineering and the social, physical, and biological
sciences. The Study is being coordinated with all Federal, State, and local
agencies having an interest in Chesapeake Bay. Each resource category or

problem area has been treated on an individual basis with demands and.

potential problem areas projected to the year 2020. The results of the studies
conducted for each resource category are presented in a separate appendix to
the Future Conditions Report. All conclusions are based on historical
information supplied by the preparing agencies having expertise in that field.
In addition, the basic assumptions and methodologies are quantified for
accuracy in the sensitivity section. Only general means to satisfy the projected
resource needs are presented, as specific reconmendations are beyond the
scope of this report.

The geographical area considered in the overall study encompasses those
counties or Standard Metropolitan Statistical Areas (SMSA) which adjoin or
have a major influence on the Estuary. For purposes of projecting the future
demands on the resources of the Bay, economic and demographic projections
were made for all subregions and SMSA's within the Study Area. Regarding
water supply, the Study Area was divided into 12 subregions as shown on
Figure 5-1. The subregions coincide exactly with the standard SMSA and
county grouping designations, except Subregions 2 and 4. Subregion 4 is
defined for the purpose of this report as Sussex County, Delaware. Subregion 2
is the “non-SMSA,” Maryland, portion of the Baltimore Economic Area,
expanded to include Cecil County, Maryland. Detailed maps of each of the
subregions considered in this appendix are presented as Plates 5-1 through 5-4
at the back of this report.

SUPPORTING STUDIES
This appendix was prepared and coordinated by the Baltimore District, Corps
of Engineers; however, much of the information included in this report was
derived from other sources. Population projections were prepared for each
county in the Bay Area, and each city of over 2,500 persons, by the Bureau of
Economic Analysis, U.S. Department of Commerce. Projections of industrial
water supply were prepared specifically for the Chesapeake Bay Study by the
Bureau of Domestic Commerce of the U.S. Department of Commerce. In
addition, all agricultural demands, including rural domestic, livestock and
poultry, and irrigation uses, were projected for this Study by the Economic
Research Service, U.S. Department of Agriculture. The Economic Research
Service work is presented in its entirety in Appendix 6 — Agricultural Water

Supply.

The initial data base and resource inventory for all resource categories in the
Chesapeake Bay Study, including water supply, were presented in the
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Chesapeake Bay Existing Conditions Report. Other studies that provided
input to this appendix include the Northeastern United States Water Supply

Report, and the North Atlantic Regional Water Resources Study prepared
by the North Atlantic Division, Corps of Engineers. Numerous water
supply studies prepared by local planning agencies were also very helpful
in the preparation of this appendix. All sources of data used in this
appendix are referenced in the bibliography.

STUDY PARTICIPATION AND COORDINATION

Due to the wide scope, large geographical area, and many resources covered
by the Chesapeake Bay Study, data input was required from many sources.
Various Federal, State, and local agencies throughout the Bay Region have
customarily developed expertise in certain areas of water resource
development. Although overall coordination of the Study effort was
provided by the Corps of Engineers, input from thes¢ various sources was
required in order to obtain the best Study coordination and problem
identification. Therefore, an Advisory Group and a Steering Committee were
established. Five Task Groups were also formed to guide preparation of
reports on related resource categories. They are:

1.  Economic Projection Task Group

2. Water Quality and Supply, Waste Treaiment, Noxious Weeds
Task Group

3.  Flood Control, Navigation, Erosion, Fisheries Task Group

4.  Recreation Task Group

5. Fish and Wildlife Coordination Group

Detailed information on the composition of each Task Group as well as the

members of the Advisory Group is presented in the Chesapeake Bay Plan of
Study and in Appendix 1, “Study Organization, Coordination, and History.”

This appendix was prepared by the Baltimore District, Corps of Engineers,
under the guidance of the Water Quality and Supply, Waste Treatment, and
Noxious ‘Weeds Task Group. The Group is chaired by the Environmental
Protection Agency and members include the U.S. Departments of
Agriculture, Commerce, Interior, Navy, and Transportation; the Federal
Power Commission; the Energy Research and Development Administration;
the Corps of Engineers; the Susquehanna River Basin Commission; and
representatives of the States of Maryland and Delaware, the Commonwealths
of Pennsylvania and Virginia, and the District of Columbia.
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CHAPTER 11
WATER SUPPLY IN THE CHESAPEAKE BAY AREA

Man uses water to meet a wide variety of needs including domestic (drinking,
food preparation, waste transport and fire fighting); agricultural (irrigation
and livestock watering) and industrial (processing and cooling) purposes. This
appendix focuses on municipal and industrial water needs while agricultural
and cooling water needs for power generation are addressed in Appendices 6
and 13, respectively. This chapter includes a summary description of the Bay
Region and its resources, an inventory of present municipal and industrial
water use and problems, and a description of the water supply management
entities within the Region.

DESCRIPTION OF THE REGION

The Chesapeake Bay and the tidal portions of its tributaries combine to form
one of the largest estuaries in the United States. The drainage area of the Bay’s

.tributaries totals 64,000 square miles and includes portions of the states of

Maryland, West Virginia, Delaware, New York, and the Commonwealths of
Virginia and Pennsylvania, and all of the District of Columbia. Many of the
more than 150 rivers and creeks which flow to the Bay provide supplies of
water needed for municipal, industrial and agricultural purposes. Through
these streams, an average of 45,000 million gallons per day of freshwater enter
the Bay. The Susquehanna River alone provides approximately 50 percent of
the total. Other major rivers in the Bay system include the Potomac, James,
York, and Rappahannock, which together provide an additional 40 percent of
total inflow.

The length of shoreline of the Bay including tributaries to head of tide, is
approximately 6930 miles—about 4010 in Maryland, 2920 in Virginia. The
Bay averages 28 feet in depth, making it a comparatively shallow estuary. The
maximum depth is 178 feet. The surface area of the Bayis approximately 4,400
square miles, and varies in width from 4 to 30 miles.

Physiographically, the Bay is the drowned river valley of the Susquehanna
River. As shown in Figure 5-2, the estuary lies in the Coastal Plain and borders
the Piedmont Province. The division between the upland Piedmont Province
and the seaward Coastal Plain Province is marked by what is known as the
Fall Line. The outcropping or exposure of the crystalline basement, which
underlies the Coastal Plain to the east, forms the “line” and also delineates the
head of tide. The Piedmont is characterized by metamorphic ridges and folds
and steep-sided stream valleys. In general, layers of southeastwardly dipping,

. sedimentary, unconsolidated materials comprise the eastern and western
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shore portions of the Coastal Plain. By virtue of its very nature, the Coastal
Plain is predominately flat, being somewhat more rolling on the Western
Shore than on the Eastern Shore. The underlying sedimentary deposits
provide plentiful groundwater supplies to public systems, industries, and
individuals throughout the Province.

The Bay Area is characterized by a mild climate, associated with its proximity
to the Atlantic Ocean. The annual average temperatures vary between nearly
60° F at the mouth to less than 55° F at the head of the Bay (about 200 miles
north). Rainfall averages 44 inches with local variations of from 40 to 46 inches
per year. Included in this total rainfall is the water equivalent of an average 13-
inch snowfall.

RESOURCES

As a water resource, the Chesapeake Bay provides many benefits for mankind.
Typical among these are the fish and wildlife resources—a part of the earth’s

-ecosystem to which man is inexorably linked; recreation opportunities which

provide needed respites from everyday pressures; navigation channels which
provide for the economic growth and vitality of the region; and water supply to
satisfy the many requirements of a “thirsty” society.

In 1970 the navigation arteries of Chesapeake Bay and its tributaries carried
nearly 150 million tons of commerce worth billions of dollars. The importance
of this|activity to the economic structure of the Bay area is thus underscored—
especially for the ports of Hampton Roads and Baltimore. These two parts
together handle 83 percent of the Bay's commerce. The growing industrial
activity associated with port related development has also created large
demands for processing and cooling waters.

The fish and wildlife resources of the Chesapeake Bay Area are many and
varied. The Bay is one of the most productive estuaries on earth due to its
wetland marshes, shallow nature, tidal actions, and wide salinity variations.
Including land dwellers, the Bay Area provides habitat for over 2,700 species.
Great amounts of seafood are harvested commercially, accumulating to 630
million pounds worth $41 million in 1970. Sport yields of finfish and shellfish
were of an estimated like magnitude. Many of the fish and wildlife resources
are sensitive to the alterations in salinity patterns that can result from changes
in the freshwater inflows to the estuary. In this regard the use of the freshwater
tributaries of the Bay for water supply may have a significant impact on
fisheries.
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The primary mineral resources found in the area are non-precious as well as
non-metallic—primarily sand, gravel, stone, clay. These provide building
stone and important manufacturing components for brick, pipe, and other
building materials. Certain problems are associated with retrieval of these
materials. In the area of water supply, for example, sedimentation and
turbidity can accompany riverbed dredging for sand and gravel deposits and
degrade downstream water supplies. Land mining may result in scarred,
erodable, barren areas which allow increased land runoff, decreased
groundwater recharge, and other problems such as acid mine drainage. These
problems may be troublesome to water supplier.

The Chesapeake Bay also serves as a vast waste assimilator for the activities of
the over 8 million Bay Area residents. Municipal, industrial, agricultural, and
power heat discharges are increasing along with the population, especially in
the urban centers. Presently, most waste discharges and water quality
problems in the Bay Area are assimilated and/or confined to the tributary
areas. Here, especially in areas of heavy industry, the bottom muds contain
massive concentrations of oils, phenols, heavy metals, and other toxic
substances. Many acres of shellfish beds are closed for health reasons in areas
of heavy waste discharge, as are recreation areas for bacterial pollution. Water
quality is a major concern of the supply manager in the design and operation of
water treatment facilities in the Bay Region.

Most of the land resource of the Bay Area is considered undeveloped—only 5

percent is devoted to residential, commercial, and industrial activity. Most -

development is concentrated in the urban centers. Agricultural activities
comprise another 30 percent, while woodlands add nearly 50 percent to the
land account for the Bay Area. Future patterns that emerge in the use of land
will invariably impact dramatically on other resource categories, including
water supply.

The Bay also provides for other needs of the people, the value of which are
difficult to evaluate. Recreation, for example, aside from the benefits from
marinas, boat sales, and hunting licenses and equipment, provides people with
relaxation and a peace of mind that is impossible to quantify. There is an
undoubtable/pleasure to be derived in just being in a natural area undisturbed
by the activities of man. Consideration must also be made for these more
intrinsic values, so that development or use of a water resource does not
impact critically on other uses.
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HISTORY

Until the early part of the 19th century, water was generally provided by each
individual according to his needs. The country was predominantly rural and
supplies of groundwater were readily available. Even in the cities, most homes
were supplied by springs or wells—through hand pumps in the kitchen or
delivery by cart, sold by the bucket.

The earliest municipal water-works system did not appear until early in the
19th century. Philadelphia was the leader in this regard. Local authorities
believed that daily flushing of the streets could alleviate the yellow fever
epidemics, and, as a result, water flowed from the Schuylkill River to the City
in 1801. As in Philadelphia, other cities were motivated less by a desire for
household convenience than by the threats of disease and fire. After cholera
outbreaks in London were traced to the water supply in 1849, powerful
impetus was placed on the cities to develop safe water supply systems. By 1860,
there were 136 city water systems, including one in each of the Nation’s
sixteen largest cities' .

Sewage disposal systems, however, numbered only ten. Water systems,
proliferated, but no parallel facilities were forthcoming to deal ‘with the
increasing waste loads. At the end of the 19th century, thousands of persons
living on streets with sewers were still using old privies and cesspools. Many
engineering innovations and much in the way of human acceptance were
lacking before the indoor flush toilet became a commonplace household item.

Slowly, the evolution towards higher water consumption in the household
continued. Human waste contamination of water supplies had increased, and,
once the disease risk was clearly demonstrated, it became evident that
expanded sewage collection and treatment were needed to protect the public
health.

By 1920, the mass production of enamelware and invention of the flush toilet
marked the beginning of an era—the “bathroom” became an American middle
class necessity. Water closets proliferated along with water-using utensils and
before World War II large American cities had use rates four times that of
comparable European cities. Today the trend towards higher water
consumption continues.

In the Chesapeake Bay Area, there were early advances in water supply
development for public use. Baltimore’s first system to supply water to the
residents of the City began operation in 18072, It was operated by a private
company which used the Jones Falls as a source, distributing the water
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through wooden mains. By 1881, the system had become public and a new
supply on the Gunpowder Falls had been developed. Water was transported to
the City through a tunnel.

Richmond was the pioneer in the Virginia portion of the Study Area,
providing public service in 18303, A water-power system was devised to pump
water from the James River. Albert Stein, who also engineered systems for
Cincinnati and New Orleans, was the innovator of the project.

In the Nation’s Capital, Congress, under threat of disease and fear of fire in the
government buildings, approved a plan to bring water from above the Great
Falls on the Potomac River . The plan, devised by Captain M.C. Meigs of the
Army Corps of Engineers, included a 12- mile aqueduct which required ten
years and many engineering achievements to complete. The project was
completed with water flowing in 1853,

Much of the other water supply development in the Bay Area progressed more
slowly, with private wells being abandoned only recently in some metropolitan
areas. It has only been in the urbanized metropolitan areas where pollution of
sources, health problems, and fire threats have occurred, that major municipal
systems have been required. Many rural residents, especially those using
dependable groundwater sources of good quality, continue to develop and
use individual systems.

EXISTING PUBLIC WATER SUPPLY

Of the Bay Area’s 7.9 million residents, approximately 6.5 million, or 82
percent, are served by central water supply systems. These systems range in
size from those serving as few as 20 persons in small developments to large
municipal systems serving commercial, institutional, and industrial
establishments, and millions of individuals. For purposes of this study, each of
the water supply systems in the Chesapeake Bay Area that serve a population
in excess of 2,500 are termed water service areas (WSA's). Together, the
WSA’s account for 96 percent of the water supplied and 93 percent of the
population served by all the central systems.

Municipal water systems provide for a variety of needs which may be generally
classified as domestic, commercial, industrial, institutional, and public. In
general, domestic uses include those of the household; i.e., food preparation,
washing, lawn watering, and sanitation. Uses within the commercial category
include restaurants, hotels, laundries, and car washes; while hospitals, schools,
and country clubs are classified as institutional. Public uses include fire
protection, street cleaning, and government buildings and institutions. -
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Industrial water supply uses can be classified as process, boiler feed, cooling,
and sanitary water. Depending on the extent and composition of a city’s
industrial makeup and the tendency for local industry to pay for and use public
water, a city’s industrial component of water use may vary radically. There are
public water supply systems in the Bay Area that supply no water to industry
and others that support an extensive industrial component. In Hopewell,
Virginia, for example, industrial uses comprise 80 percent of the water publicly
supplied.

PRESENT WATER USE

To establish a base for projection of future water needs, an inventory was
made of public water supply systems, their present population served, and the
average water use. The results of the inventory are presented in Table 5-1 for
the 49 identified water service areas in the Chesapeake Bay Area. Plates 5-1
through 5-4, located at the rear of the appendix, show the location of each of
these service areas. Water supply data for each system were derived primarily

" from State Department of Health records, County water and sewer reports,

and other local and regional plans. Interviews with individuals at the local
level were also helpful in gaining additional data.

Wide variations in per capita use rate are evident among the systems listed in
Table 5-1. Lows of 50 to 80 gallons per capita per day (gpcd) are found at King’s
Height, Joppatowne, and Waldorf, in Maryland, and Manassas Park in
Virginia. Communities with low use rates are typically more residential in
character, providing smaller amounts of water for industrial, commercial,
and/or institutional needs. Use rates exceeding 150 gpcd occur in a number of
cities: Cambridge, Crisfield, Salisbury, Leonardtown, Seaford, Baltimore,
Washington, Hopewell, and Williamsburg. These high use rates can be
attributed to several factors, not always consistent from system to system. For
example, Hopewell’s astonishing 689 gpcd is due to an estimated 22 mgd
supplied to several large industries. Significant industrial uses also contributes
to the high rates at Cambridge, Salisbury, and Baltimore, while institutional
and military demands and tourism, contribute to the higher than normal use at '
Williamsburg. In contrast, the extensive government activity and array of
public facilities in Washington, D.C., cause use rates in the Washington
aqueduct service area to be among the highest in the Bay Area. Another
component of water use in most systems is leakage. In Crisfield, Maryland, for
example, losses due to leakage constitute an unusually high 25 percent of the
overall use. Most of the remaining public systems (listed in Table 5-1) have use
rates that would be expected from an average amount of residential use and the
concomitant mix of other uses (approximately 80 to 150 gpcd).
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Subregion and
Water Service Area

SUBREGION 1
Aberdeen
Annapolis
Baltimore
Bel Air
Crofton
Edgewood (Perryman)
Havre de Grace
Joppatowne
Maryland City
King's Heights (Odenton)
Severna Park (Severndaie)
Sykesville-Freedom
Westminster

SUBTOTAL

SUBREGION 2
Cambridge
Centreville
Chestertown

Crisfield
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TABLE 5-1
MUNICIPAL WATER USE, 1970

Population
Served, 1970

12,400
40,000
1,542,160
10,200
6,280
7,800
10,000
8,060
4,400
7,900
15,580
7,500

11,000

1,673,820

12,600
2,800
4,000

4,040

Average

Use, mgd

1.2
4.3
245.0
1.0
0.8
1.2
1.55
0.62
0.60
0.53
1.8

0.6

260.3

3.85
0.28
0.53

1.37

Per capita
Use, gpcd

98
108
159

98
127
154
155

77
136

67
115

80
100

156

305
97
132

339
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Subregion and

Water Service Area

SUBREGION 2 (Cont'd)

Delmar

Denton

Easton

Elkton
Pokomoke City
Princess Anmne
Saiisbury

Snow Hill

SUBTOTAL
SUBREGION 3

SUBREGION 4

Seaford

SUBREGION 5

i

Washington Aqueduct

Alexandria

Fairfax County

Water Authority

Washington Suburban
Sanitary Commission

TABLE 5-1 (continued)

MUNICIPAL WATER USE, 1970

Population Average
Served, 1970 Use, mgd
3,000 0.30
2,700 0.39
7,800 1.00
8,500 1.00
3,330 0.30
2,500 0.22
19,000 4.00
_3,000 0.47
73,270 13.8

no large public systems

5,540 0.84
1,130,000 124.0
1,033,000 200.0

110,000 13.0
370,000 36.5

Per capita

Use, gped

100
144
128
118

90

88
210
157

188

153

110
193

118

99
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TABLE 5~1 (continued)

MUNICIPAL WATER USE, 1970

Suhregion and Population Average Per capita
Water Service Area Served, 1970 Use, mgd Use, gped

SUBREGION 5 (Cont'd)

Goose Creek (Fairfax City) 65,000 7.1 109
Manasgsas 11,500 1.25 109
Manassas Park 7,000 _0.35 50
SUBTOTAL 2,726,500 382.2 140

SUBREGION 6
Leonardtown 2,500 0.38 152
Lexington Park 10,000 1.00 100
Waldorf 10,000 0.80 _8a
SUBTOTAL 22,500 2.18 97

SUBREGION 7
| Fredricksburg 19,530 2.6 133

SUBREGION 8
Ashland 3,750 0.35 93
Colonial Heights-Petersburg 67,000 7.10 106
Hopewell 37,440 25.80 689
Mechanicsville 2,880 0.28 100
Richmond System 390,620 41.10 105
SUBTOTAL 501,690 74.6 149
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TABLE 5-1 (continued)

7 MUNICIPAL WATER USE, 1970
Subregion and Population Average Per capita
Water Service Area Served, 1970 Use, mgd Use, gped
SUBREGION 9
West Point 2,600 0.26 100

SUBREGION 10

Newport News System 263,260 27.3 104

SUBREGION 11

Norfolk System 502,680 52.5 103
Portsmouth System 123,960 13.7 111
SUBTOTAL 633,640 66.2 104

SUBREGION 12

Williamsburg 16,500 2.50 151
Smithfield 2,710 0.28 103
Suffolk 18,000 1.80 100
SUBTOTAL 37,210 4.58 123

BAY AREA TOTAL 5,959,560 831.2 139
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In addition to the “large” water supply systems, defined as serving a
population of 2,500 or greater, a certain number of smaller public systems
exist in the Bay Area. The aggregated population served by the “small”
systems for each county was derived from records of the various state
departments of health, Table 5-2 lists the total for each county. In addition to
those persons that receive their water through public water supply systems,
many rural residents derive their water from private wells or other local
sources. The water needs of the rural domestic population is presented, along
with irrigation and livestock requirements, in Appendix 6 — Agricultural
Water Supply. A summary of rural domestic, livestock, and irrigation water
use is presented in Attachment 5-F.

EXISTING PROBLEMS AND CONFLICTS

Provision of water for the people of the Bay Area is not accomplished without
the water supplier encountering certain problems. Growing affluence and
economic development, and the accompanying increased demands for water
have required local water authorities to expand treatment and distribution
facilities. and to search for new sources. In most urban areas, nearby local
sources have been completely developed and cities have been searching further
and further afield for new supplies. The City of Norfolk, for example, pipes
raw water 25 miles from Lake Prince and also maintains a supplementary
source on the Nottoway River, which is 50 miles distant. The Newport News
water supply network extends 20 miles from the city proper and Baltimore’s
aqueduct from the Susquehanna River spans 38 miles, overcoming a
difference in head of more than 100 feet. Larger and more elaborate projects
are certain to emerge in the future as water needs increase and competition
grows for dwindling supplies.

A shortage in supply is perhaps the most critical problem  facing a water
supply facility. The shortages become critical when periods of low streamflow
coincide with dry summer periods when consumer demand is highest. Rainfall
and other hydrologic and climatic parameters influence the amount of water
available in surface sources. Few of those systems that rely on surface waters
can effectively develop a source that is 100 percent safe against all droughts
without incurring prohibitive costs. Thus, as a matter of course, most utilities
must gamble that rainfall will be adequate to replenish dwindling supplies. It is
not uncommon, however, for systems dependent on groundwater to have a
supply essentially independent of seasonal climatic variation. Due to the
massive storage capacity and dampening effect of the aquifers, these systems
can usually supply water at a constant rate through the most severe drought.

Appendix 5

18

8]

N

(82

-,



COUNTY

SUBREGION 1
MARYLAND
Anne Arundel
Baltimore
Carroll
Harford
Howard

SUBREGION 2
MARYLAND
Caroline

Dorchester
Kent

Queen Annes
Somerset
Talbot
Wicomico
Worcester
Cecil

SUBREGION 3
VIRGINIA
Accomack
Northampton

SUBREGION 4
DELAWARE
Sussex

SUBREGION 5

MARYLAND
Montgomery
Prince Georges

VIRGINIA
Fairfax
Loudoun
Prince William

SUBREGION 6
MARYLAND
Calvert
Charles
St. Marys

SUBREGION 7
VIRGINIA
King George
Spotsylvania
Stafford

TABLE 5-2
SERVICE POPULATION: SMALL WATER

POP.

61,100
0
21,200
12,700
4,430

4,990
9,050
2,370
100
780
3,340
1,740
12,600
21,300

5,370
4,050

12,800

1,550
650

80,900
3,390
11,100

5,150
10,900
7,410

3,130
4,430
5,790

SYSTEMS, BY COUNTY, 1970

COUNTY

SUBREGION 8§
VIRGINIA
Chesterfield
Dinwiddie
Hanover
Henrico
Prince George

SUBREGION 9
VIRGINIA

Caroline
Charles City
Essex
King & Queen
King William
Lancaster
New Kent
Northumberland
Richmond
Westermoreland

SUBREGION 10
VIRGINIA
York

SUBREGION 11
VIRGINIA

City of Chesapeake
City of Virginia Beach

SUBREGION 12
VIRGINIA

Gloucester
Isle of Wight
James City
Mathews
Middlesex
City of Suffolk
Southampton

Surry

POP.

36,400
2,400
6,860

10,900
4,800

1,900
0
3,190
190
950
5,100
1,700
4,050
2,210
10,000

5,370

5,110
3,050

2,000
3,830
5,310

130
1,790
6,580
5,520

940

Appendix 5
19



Despoilation of sources is another major problem facing water suppliers in the
Chesapeake Bay Area. Surface waters, both reservoirs and free-flowing
streams, are especially susceptible to pollution. Sprawling urban
developments have encroached in some watersheds, contributing to overland
runoff, sedimentation, and other sources of pollution. Agricultural activity
contributes to overenrichment, sedimentation, and pesticide pollution. Water

suppliers that utilize run-of-the-river sources, such as Richmond on the James.

River and Washington, D.C., on the Potomac, must contend with domestic
and industrial waste discharge from a myriad of upstream sources.

Water systems that depend on groundwater as a source of supply are also
susceptible to contamination. Seepage from septic systems and landfills are
notable sources of pollution in groundwater supplies, saltwater intrusion is
another problem affecting some near-shore areas around the Bay. Long
periods of withdrawal in excess of the natural rate of replenishment of the
aquifer can cause lowering of the water table and eventual intrusion of
saltwater from the ocean or other nearby saltwater body. This condition will
often render the water in the aquifers unusable for years.

In addition to the problems encountered by the water developer, certain
conflicts and problems arise with respect to other uses and resources as a result
of water supply development. Groundwater pumping, for example, may
sometimes lower the water table sufficiently to reduce the quality or quantity
of groundwater available in adjacent areas. For example, industrial
withdrawals near the City of Franklin, Virginia, have, over many years, caused
a 150-foot decline in the water table at the point of withdrawal and created a
cone of influence that affects the water table 20 miles distant at the City of
‘Suffolk. Also, groundwater withdrawals can be ecologically damaging if the
water table is lowered beneath wet environments such as bogs, causing them to
lose their saturated condition.

The impacts associated with development of surface waters are often more
pronounced than those of groundwater development. Reservoir construction
can result in direct reduction of downstream flows, and possibly impact on
other downstream uses, including fish and wildlife, recreation, and ‘waste
assimilative capacity. Supersaturated gases, temperature shock, oxygen-
depleted releases from the hypolimnion, and sudden releases of large volumes
of water are other reservoir-related problems to consider with respect to their
impact on downstream aquatic life. On the other hand, fishery resources and
recreation can also be enhanced during summer months by the artificially
sustained flow made possible by a reservoir.

Diversion of water supplies from one watershed to another is an engineering
practice that directly removes the water and reduces streamflow by the amount
wthdrawn. Baltimore City’s authorized 250 mgd withdrawal from above
Conowingo Dam on the Susquehanna River (at present only minimally used)

Appendix 5

20

Y

¥



%

has provoked citizen concern as to potential impacts on the Chesapeake Bay
fishery.

Conflicts also arise in relation to water rights. In the Western United States,
water rights are governed by the law of appropriation which entitles a user who
is first in time and who applies the water to a beneficial use to that amount of
water in perpetuity. The riparian doctrine, characteristic of the Eastern States,
protects adjacent landowners from uses which unreasonably diminish water
quality or quantity. The problem often arises in that social and public values
are neglected in favor of the economicinterests of the private sector. Legislative
actions are then required in order to optimize social and cultural water uses in
conjunction with the conventional economic values.

Impacts will naturally occur in any water resource development, but the
objective should be to minimize the adverse effects to the overall net publicand
environmental benefit, Positive action is needed to provide a management
structure so that water development, while undeniably needed for our
progressing society, will not bear unduly on other uses and resources.

MANAGEMENT RESPONSIBILITIES

Management of water supply systems entails confrontation with the problems
discussed in the previous section. In short, the management authority is
charged with the responsibility to provide water of the quantity and quality
demanded within the service area. A multitude of combinations of
institutional and administrative arrangements are utilized in providing water
for the citizens of the Bay Area. Management structures, set up to provide the
needed supplies, can be privately or publicly administered, usually at the local
level. Public systems are usually operated by their particular town or city
government—as is the case for most of the water service areas considered in
this report. Privately owned public systems are a less common means of water
supply in the Bay Area. Notable examples of privat'ely owned systems are
those at Lexington Park and Bel Air, Maryland, and Alexandria and
Hopewell, Virginia.

Larger areas, including several communities, developments, parts of counties,
or even states, may be incorporated under a regional-type authority, or
commission, to manage all aspects of the region’s water needs. This situation
has the potential to enable efficient, safe, and economical service to a
developing region—especially those with fragmented and localized source
developments and conflicting wastewater control programs. The Appomatox
River Water Authority and Fairfax County Water Authority are examples of
State chartered regional water systems with authority to acquire, construct,
operate, and maintain water systems within particular regions. Sometimes
these written authorities are extended to include wastewater collection and-
disposal.
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A unique arrangement for water supply exists in Washington, D.C. Due to its
status as the Nation’s Capital, water supply s, by law, the unique management
responsibility of the Federal Government, specifically the U.S. Army Corps of
Engineers. Through its Washington Aqueduct Division, the Corps is
responsible for raw water transportation and treatment of water for the many
residents, public institutions, and government facilities in Washington, D.C,,
Falls Church, and Arlington County, Virginia.

'In addition to specific management structures, various health related, and

financial and planning assistance programs are available at the state and
Federal level to aid in the development and/or management of ‘water
supply resources. At the state level, for example, the District of Columbia,
Maryland, Virginia, and Delaware Departments of Health have the
responsibility under law for maintaining the health integrity of all public
drinking water supplies. Consultation services to local public service agencies
are also generally available through the Health Departments, as are planning
and associated environmental services.

Responsibility for the overall water resource management is held at the state
level by the following agencies:

o State Water Control Board in Virginia

e Department of Environmental Services in Washington, D.C.
* Department of Natural Resources in Maryland
¢ Department of Environmental Resources in Pennsylvania

* Department of Natural Resources and Environmental Controlin Delaware

Generally the scope of these agencies’ authority includes planning, program
development, regulation, enforcement, and provision of other public services
as regard water resources.

Asstated in the Department of the Army’s Digest of Water Resources Policies,
the Federal interest in water supply and quality management seeks to “insurea
continuing supply of freshwater, adequate in quantity and quality for urban
and rural withdrawal and streamflow needs.” In practice, however, the policy
of the Federal Government has been toward the long range management of
supplies, leaving the financial burden of supply to the user. For example, if all
costs allocated to water supply are paid by non-Federal interests, the Corps of
Engineers has the authority, pursuant to the Water Supply Act of 1958, to
include municipal and industrial water supply in any of its reservoir projects.
Costs allocated to water supply cannot ordinarily exceed 30 percent of the
total project cost, but, if such storage is economically justified, it may be added
to any project at any time. Under certain conditions, storage for irrigation on
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agricultural lands may also be considered as a purpose in Corps dams, but
under present interpretation, this applies only to certain western states.

Federal level financial assistance is available for rural community water
supply development and planning from the Farmer’s Home Administration
(FHA) of the U.S. Department of Agriculture. Services that are water supply
related, (such as watershed and wastewater facilities, financing, and planning,)
are also available to the rural areas through FHA,

Federal assistance can also be sought in water supply development from the
Soil Conservation Service (SCS), U.S. Department of Agriculture, but only as
it relates to watershed or flood protection. Under certain cost-sharing and
other conditions, water supply storage can be included as a purpose in SCS
dam projects.

Lastly, the Environmental Protection Agency has public health oriented
assistance programs for use by public water utilities. These programs are
designed to promote highly reliable, quality supplies through research grants
and technical assistance.

EXISTING INDUSTRIAL WATER SUPPLY

The industrial component of the 1970 water demands in the Chesapeake Bay
Area is considered in this section. Only the water supply needs of the
manufacturing industries are addressed here, including those industries in
Standard Industrial Classifications (SIC’s) 20 through 39 (as defined by the
Federal Office of Management and Budget). Manufacturing activity in the
Chesapeake Bay Area is dominated by Primary Metals (SIC 33), Paper (SIC
26), Chemicals (SIC 28), Petroleum (SIC29), and Food and Kindred Products
(SIC 20). Other industrial sectors, such as Finance, Transportation, Services,
and Government, are not included in this analysis, as their water demands
generally comprise a portion of the public supply. As noted earlier cooling
water needs for power generation, which constitute a major sector of demand,
are presented separately in Appendix 13: Power.

In general, industrial uses of water can be classified as process, boiler feed,
cooling, and sanitary. Quality requirements vary widely depending on these
uses, and although generalizations for a particular industry and type of use are
difficult to make, some observations can be made. For example, low hardness
is desirable for canning peas, and low chlorides are critical in the paper
bleaching process 6. In some industries, such as Paper, Chemicals, and
Textiles, even the smallest trace of any element such as manganese can make
the process impossible 7. Within an industry, variables in quality requirements
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also occur. In the Paper sector, for example, photographic paper and
cardboard have radically different requirements.

Cooling water, used in condensing and cooling equipment and for quenching
in steel roller mills, can be of almost any quality. For instance, Baltimore City
provides about 120 mgd of its treated municipal waste effluent to the
Bethlehem Steel Corporation for cooling purposes. Much of the other cooling
water withdrawals in the Bay Area are derived from brackish sources,
defined for purposes of this report as all waters containing greater than 1,000
ppm dissolved solids. Ideally, cooling water is of low temperature, turbidity,
and scale-forming materials, especially if it is to be recycled.

Boiler feedwater requires perhaps the most stringent quality control. Only
small amounts are needed to replenish that evaporated, but soft water is
needed to avoid scale buildup, especially in high-pressure boilers. Water used
to meet sanitary needs of industry (toilet facilities, etc.) must, naturally, meet
the same drinking water standards as those for municipal supplies.

An important concept in industrial water supply is water recycling or reuse.
Since large amounts of water can be reused in many industrial processes,
significant savings could be realized if this practice was more widely used.

The tendency of an industry to recirculate water usually depends ultimately on
economics. Water will be reused in a particular situation if the costs of
recovery and recirculation are less than costs associated with the development
of additional sources, or the costs of treatment of the wastewater. Inlocations
where fresh water is scarce or where quality problems require extensive
treatment, recirculation may be heavily utilized. Conversely, in areas with
plentiful supplies of high quality water, or where wastewater treatment costs
are low, reuse is usually uneconomical®,

Efforts to comply with discharge regulations or to reclaim byproducts have in
some instances prompted development of equipment to make recirculation
more economical. For example, in the pulp and paper industry, development
of special filters to remove small amounts of waste fibers from large amounts
of water has enabled large recirculation rates in many plants2!.

Certain other advances in technology serve to illustrate measures that can
result in expanded recirculation practice. In many instances, forced air cooling
towers have replaced natural draft systems, speeded evaporation and reduced
the overall size and cost of recirculation systems22.

Sequential use of water for cooling in several prdcesses, at gradually increasing
temperatures, has also been used to advantage. In steel mill, for example, the
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coldest water can first be used in the power plant condensers, reused to cool
process equipment (operating at 100 to 300° F), and again reused for cooling
burner ports or furnace walls23. Also, development of new ceramic and alloy
materials to withstand high temperatures in industrial processes has enabled
use of air cooling techniques where water was previously needed to minimize
equipment damage?4.

PRESENT INDUSTRIAL USE

Industrial water use in 1970 was inventoried by the Bureau of Domestic
Commerce (BDC), U.S. Department of Commerce. With the aid of the Bureau
of Census, data were accumulated Nationwide for industries utilizing 10
million gallons per year (mgy) or more. Data accumulated include:
identification of the type of industry based on 4 digit SIC identification, intake
(mgy), gross use (mgy), source, employment, treatment, and discharge.

For those plants that utilize more than 10 mgy and did not respond to the
survey, information was obtained from the permit applications submitted for
discharge permits under the 1899 Refuse Act, from industry directories, and
from discussions with BDC industry experts. For the manufacturing plants
with intake requirements of less than 10 mgy, total withdrawal demands were
estimated through the use of water use ratios reported in the 1963 Census of
Manufacturers and estimates of future subregional shares of Gross Product
Originating (GPO).

Results of the inventory of industrial water use in the Chesapeake Bay Area
are presented in Table 5-3. Due to agreements between the Department of
Commerce and the industries participating in the survey, data is not to be
released in detail, but is available only on a subregional basis (SMSA and non-
SMSA county grouping), as delineated previously in Figure 5-1. For this
reason, all tables of industrial water use in this report (except as specifically
noted otherwise) include Kent County, Delaware, as part of Subregion 4, in
addition to Sussex County, Delaware. Water use in manufacturing by 2-digit
SIC is presented in Table 5-4.

Gross use (G) includes all water used, whether fresh, brackish, or recirculated.
Intake (I) represents only the actual withdrawal from stream or bay, or other
fresh or brackish water source, plus purchases. The consumption category (C)
includes all water lost to evaporation or that becomes incorporated into end
products. Discharge (D) is merely the difference between intake and
consumption (I - C). The final column lists the percent of the gross use that is
recycled water [(G-1)/G]?®

As shown in Tables 5-3 and 5-4, total intake from fresh and brackish sources

totaled 1,615 mgd in 1970. Ninety-nine percent of this water was used by only 3
percent of the manufacturing establishments which have demands in excess of
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TABLE 5-3
INDUSTRIAL WATER USE IN THE CHESAPEAKE
BAY AREA, 1970, mgd

oy

_11
Subregion Gross Use (G) Intake (I) Consumption(C)} Discharge (D) Eéf
1 Baltimore SMSA 1,226.1 990.7 43.7 947.0 19.2
2 Non-SMSA, MD 35.5 34.8 N0.9 33,9 1.9
3 Non-SMSA, VA 2.6 2,3 0.2. 2.1 11.5
4 Non-SMSA, DE° 82.7 65.6 1.9 63.7 20.7
5 Washington SMSA 5.4 4.7 Nn.2 4.5 13.0
6 Non-SMSA, MD 0.8 0.8 N0.1 0.7 0.0
7 Non-SMSA, VA 32.9 27.4 1.8 25.6 16.7
8 Richmond and
Petersburg SMSA's 400.5 286.8 14.0 272.8 28.4
9 DNon-SMSA, VA 52.4 26.5 5.0 21.5 49.4
10 Newport News-
Hampton SMSA 114.9 100.2 0.7 99.5 12.8
11 Norfolk-
Portsmouth SMSA 32.3 25.3 1.3 24.0 21.7
12 Non-SMSA, VA 621.8 50.4 _4.8 45.6 91.9
TOTAL BAY AREA 2,607.9 1,615.5 74.6 1,540.9 38.1
1

G-I = Percent recycled.
G

2includes Kent Co., Delaware
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TABLE 5-4
WATER USE IN MANUFACTURIKNG, BY SECTOR,
CHESAPEAKE BAY AREA, mgd

Gross Use Intake Consumption Discharge fﬁ%
All Manufacturing 2,607.9 1,615.5 74.6 1,540.9 38.1
Food & Kindred Products 79.7 74.3 5.6 68.7 6.8
Paper & Allied Products 644.8 72.8 7.6 65.2 88.7
Chemicals 402.5 328.1 14.5 313.6 18.5
Petroleum 81.6 76.3 0.7 75.6 6.5
Primary Metals 1,094.6 882.3 35.1 847.2" 19.4
Other Manufacturing 304.,7 181.7 11,1 170.6 40.0
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10 million gallons per year (mgy). These plants, which, for the purposes of this
study, are termed the “large water users,” represent 190 of the 5,800 individual
manufacturing establishments in the Bay Area. Thus, most of the plants for
which data are aggregated here are small with respect to the amount of water
used. Most are also small in terms of employment and production.

In addition to the concentration of water use among a relatively small number
of plants, there is also a concentration of water use within particular types of
industries. In the Chesapeake Bay Area, 82 percent of the total water used is
accounted for by three groups of industries: SIC 26, Paper and Allied
Products; SIC 28, Chemicals and Allied Products; and SIC 33, Primary
Metals, as shown in Table 5-4. '

Recirculaton of supplies is practiced by some industries to conserve water,
meet discharge requirements, or, often, to recover components in the
wastewater. A measure of the degree to which recirculation technology is
utilized in each subregion is shown in the final column of Table 5-3, and for
each major type of industry in Table 5-4.

The best recycling efficiency occurs in the paper industry in which 88.7 percent
of the gross water used is recycled. In other words, nearly nine times as much
water would be needed from the river, or other source, if recirculation was not
practiced—645 vs. 73 mgd, on the average. Of the major industries in the Bay
Area, the Petroleum industry recycles least, primarily due to the once-through
use of brackish water for cooling. However, National figures for Petroleum
indicate recirculation at least 10-fold that in Chesapeake Bay.

Water withdrawals, categorized as to source, are shown in Table 5-5. The total
amount withdrawn in 1970, is estimated to have been 565,355 mgy, or an
average of 1,615 mgd (assuming a 350 day work-year). Sixty-one percent of
this is used in the Baltimore SMSA alone with the Richmond and Newport
News SMSA’s following with 18 and 6 percent, respectively.

In contrast to the Nation as a whole, in which approximately 75 percent of
industrial supplies are obtained from freshwater sources, only about 37
percent of all Bay Area industrial withdrawals are from freshwater sources.
Table 5-6 details the National breakdown of industrial water use by source
versus that in the Bay Area. Brackish use is shown to constitute a major
portion of industrial use in the Bay Area. Because many plants are located on,
or in close proximity to the Bay, brackish water is substituted for certain
operations. The total quantity amounted to an average of 899 mgd (315 bgy),
or 56 percent of all withdrawals in manufacturing in 1970. Nationally, only
about 18 percent of industrial withdrawals are brackish.
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TABLE 5-6
WATER USE IN MANUFACTURING, NATIONAL COMPARISON,
BY USE (Billion gallons per year, percent)

Total Surface

Intake Public  Ground Fresh  Brackish
Nationally! 15,024 1,649 1,653 9,042 2,671

100.0% 11.0% 11.0% 60.2% 17.8%
Chesapeake Bay 5652 39 46 122 315

Study Area, 1970 100.0% 6.9% 8.1% 21.6% 55.8%

10
1 From Census of Manufacturers, 1972
2 Includes wastewater reuse (7.6 percent of intake).

Perusal of Table 5-5 reveals water use characteristics which are often peculiar
to the individual subregions. Industrial water use in Subregion 1 (Baltimore),
for instance, is derived predominantly from brackish sources and is used for
cooling purposes. While self-supply is the general rule in most of the Study
Area, 80 percent of the freshwater in Subregion 1 is provided through public
systems, particularly the Baltimore City System. Also of interest is the reuse of
about 120 mgd of treated municipal waste by the Bethlehem Steel
Corporation. This comprises an extraordinary 7.6 percent of the Bay Area’s
total industrial intake.

Water used for manufacturing purposes on the Delmarva Peninsula
(Subregions 2, 3, and 4) is dominated by the food processing industry. In
Subregion 2, Food accounts for 50 percent of industrial withdrawal, and
Chemicals (SIC 28) an additional 24 percent®. Industrial water use in
Subregion 3 (Eastern Shore, Virginia) is predominantly in Food industries.
Subregion 4 (lower Delaware) supports large water using industries in the
Food and Chemical sectors. Although marked quantities of surface water are
used in Subregion 4 (when compared with other Eastern Shore areas), supplies
are generally derived from the plentiful Coastal Plain groundwater resource.
Manufacturing water use is small in most of the Washington Economic Area
(Subregions 5, 6, and 7). Industrial activity in Subregion 5 (the Washington,
D.C. SMSA) is dominated by the governmental and service-oriented sectors,
and, as such, there is little water use in manufacturing. For the non-SMSA
area in Maryland (Subregion 6), water use is concentrated in Food and
Lumber’!. These three counties rely almost entirely on groundwater, but in
Subregion 7 (Virginia), 99 percent of withdrawals are fresh surface water.
Ninety-five percent of usage in Subregion 7 is by the FMC Corporation at
Fredericksburg (SIC 28)12, which withdraws water directly from the
Rappahannock River.
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Moving southward in the Chesapeake Bay Study Area to the vicinity of the
James River, marked increases are observed in industrial water uses, as shown
in Table 5-5. The Richmond SMSA (Subregion 8) contains a heavy
concentration of Chemical industries. Five large plants in Hopewell and
Chesterfield Counties account for 72 percent of the subregional industrial use
(about 200 mgd). Paper manufacturing ranks second, constituting an
additional 9 percent of the overall intake. The primary source of supply inthe
Subregion is fresh surface water from the James River.

Industrial water use in predominantly rural Subregion 9 is dominated by the
Chesapeake Corporation (SIC 26) at West Point, which uses 95 percent of all
industrial withdrawals in the area. Of note is the effective recirculation
technology used by the plant which cuts withdrawal demand by 50 percent.
Industrial water use in the balance of the area is light. The dominant source of
supply is from wells.

Industrial withdrawals in the Newport News-Hampton SMSA (Subregion 10)
are approximately 90 percent brackish. About 80 percent of this, or 71 mgd, is
used by the American Oil Company at its Yorktown refinery'3. In the Norfolk
SMSA (Subregion 11), manufacturing usage is again primarily brackish,
constituting 63 percent of withdrawals. Public supplies account for an
additional 22 percent. Fertilizers and other chemical manufacturing industries
use over 40 percent of the subregional industrial water supply.

Subregion 12 is the final area under consideration. Usage in the Subregion
amounted to 50.3 mgd, of which 76 percent was employed in paper
manufacturing. Groundwater supplies nearly 90 percent of the industrial
demands of the area. The Union Camp Corporation alone accounts for
groundwater withdrawals of 38.4 mgd from the Potomac Aquifer near
Franklin, Virginia!4.

EXISTING PROBLEMS AND CONFLICTS

Certain problems and conflicts arise when different interests are competing for
use of the same resource. From the point of view of the water supply manager,
for instance, there are insufficient controls and institutional arrangements to
regulate the effects of upstream users on those downstream. Waste discharges
and consumptive losses have traditionally occurred without regard to
downstream uses, such as recreation and fish and wildlife, as well as additional
public and industrial needs. The downstream users must subsequently
contend, at some expense, with the polluted and/ or depleted supplies. All told,
some of the costs of providing goods and services to the people must be borne
by society and the environment at large. Polluters use the free resource and
leave the problem—costs are borne by subsequent users or uses.
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Water quality standards drawn up at the state level, and Federal goals set forth
in the 1972 Amendments to the Water Pollution Control Act, have the
potential to somewhat equalize the costs between initial and final users alonga
watercourse. Higher treatment levels and/ or increased recirculation and reuse
in the manufacturing sector have already improved stream quality in some
areas and to some extent have had the effect of redistributing costs back to
dischargers. Continuing advances toward established water quality goals and
new institutional arrangements will be needed to enhance our waterways in the
interest of all users.

Other problems and conflicts discussed previously in conjunction with public
water supply apply equally well here, as regards industrial water supply. For
example, excessive groundwater withdrawals which deplete the surrounding
aquifer and encourage saltwater intrusion, and depletion of surface water
flows by diversion or lack of rainfall are typical problems encountered by
water suppliers. In turn, pollution and/or depletion of available water flows,
resulting from water supply development and use, will sometimes adversely
affect other resources, including fish and wildlife, recreation, and the
assimilative capacity of streams.

MANAGEMENT RESPONSIBILITY

Management responsibility for industrial water supply usually rests witheach
particular manufacturcr. Managers are left to their own devices to seek out the
sources that most economically satisfy their particular quantity and quality
requirements. Often, if only a relatively small quantity of water, or water of a
particular quality, is needed, a public water supply may be an industry’s most
economical water source. In this case, management responsibility falls to the
public water utility. Management responsibilities of the many water supply
related state and Federal agencies have been previously discussed in the
“Public Water Supply” section. These apply equally as regards industrial
water use activities.

SUMMARY

A summary breakdown of existing freshwater use, by type, is presented in
Figure 5-3. Included are average water uses for public systems, self-supplied
domestic needs, agriculture (livestock, poultry, and irrigation), and self-
supplied industry (including wastewater reuse). The segment that represents
agriculture in the diagram includes the irrigation requirement as an annual
average during a normal precipitation year. The total amount of water
represented in the chart is 1,568 mgd. It should be noted that brackish water
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use, which in 1970 averaged about 899 mgd, is not accounted for in the
diagram. Water requirements for cooling in the generation of electric power
are also not included here, but are addressed in full in Appendix 13: Power.

LARGE

PUBLIC

SYSTEMS

(53.07%)

SELF-SUPPLIED

INDUSTRIAL

(38.5%)

Small public systems
(2' 3%)

Rural domesfic
(4.0%)

Agriculture
(2.22)

FIGURE 5-3: ANNUAL AVERAGE FRESHWATER USE BY TYPE, 1970
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CHAPTER III

FUTURE WATER SUPPLY NEEDS

This chapter is devoted to a projection of future municipal and industrial
water supply needs in the Chesapeake Bay Area. For purposes of this analysis
projections were made through the year 2020 for:

a. All persons served by central water supply systems
b. All manufacturing industries.

Also contained in this chapter is a presentation of the capacities of the existing
water supply systems and sources that provide service to the major centers of
population in the Bay Area. Potential future water supply deficits for these
central systems were computed by comparing projected future water supply
demands with the yield of presently developed sources and the capacity of
existing water treatment plants and pumping facilities.

Appendix 6: Agricultural Water Supply, contains the complete methodology
and projections of agriculture related water demands, including the quantities
of water needed to service livestock, irrigate crops, and fulfill the domestic
requirements of those persons residing in rural areas that are not served by
central water supply systems. Water supply requirements for use in cooling of
electric power generating equipment are presented in Appendix 13: Power.

The assessment of the water supply situation for communities which are served
by central systems is relatively straightforward. The geographic locations of
both the supply source and the demand center are specifically defined and
comparisons can be readily made of expected water use and the capacity of
existing sources and systems. It is considered to be a safe assumption that
future population and economic growth will continue to occur predominantly
around the existing urban centers.

Except in very isolated instances, however, it is difficult to predict specific
future water supply demands for industry and agriculture in terms of specific
sources of supply. It was not considered practical, therefore, to be site-specific
in projecting the future water supply demands in agriculture as presented in
Appendix 6, nor the self-served industrial water supply demands presented
herein. Rather, needs of this type have been aggregated and presented as a
total for each subregion. The subregional delineations, as shown earlier in
Figure 5-1, are the Standard Metropolitan Statistical Areas (SMSA’s) and the
non-SMSA county groupings as defined by the U.S. Bureau of Census. It is
also of importance to note that all economic projections made by the
Department of Commerce for this study are based on the same subregions.
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In order to assess the capability of the entire freshwater resource of the
Chesapeake Bay Area to meet possible future water supply demands, a
comparison was made between an estimate of the freshwater available in each
subregion and the aggregated water supply demand for each subregion. The
total demand was determined by combining the agricultural institutional and
self-served industrial water supply demands with the demands generated in
areas served by central systems. Possible future deficits were then computed by
comparing the total water supply demand with the present yield of all possible
water supply sources in the subregion. Types of sources considered include
groundwater aquifers, surface streams with significant flows, existing
reservoirs, and pipelines importing water from other regions.

Brackish water also comprises an element of supply in the Chesapeake Bay
Area. Within some of the manufacturing industries, water of this type (with
dissolved solid in excess of 1000 mgl) is acceptable for use in once-through
cooling processes. Although the assessment of future needs presented in this
Chapter are in terms of freshwater demands, and freshwater supplies,
projections are also included for the brackish water demands in
manufacturing.

MUNICIPAL WATER SUPPLY DEMANDS

As shown in Chapter II, water supplied through large public systems in the
Bay Area amounted to about 831 mgd in 1970. Based on projections of
population and economic development in the Bay Area, requirements for
water to be served through these public systems will more than double by the
year 2000. This section presents the assumptions and methodology used in the
projection of the public water supply demand and a detailed presentation of
results.

The quantity of water used by a municipality is a function of a variety of
factors. Of particular significance are population, population density, per
capita income, the quality of the water, the price of the water, whether or not it
is metered, and the number and types of industries, commercial
establishments, institutions, and office complexes involved. A myriad of these
and other factors account for the wide variations in use rate evident in Table
5-1: from lows near 60 gpcd to highs of almost 200 gpcd.

With the passage of time, changes in any one or a number of these factors may
occur which will have a direct influence on the quantity of water used withina
community. Therefore, in order to forecast expected water demands, it is
desirable to analyze each of these parameters in the context of the future. It is
well recognized, however, that scientific methods are not available which will
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yield exact answers as to the future. Rather, forecasting is normally
accomplished by applying accepted methodologies to a formulated set of
assumptions on future trends.

It is important for those in water resource management positions to be fully
aware of the implications of these assumptions when decisions are made in
which the magnitude of a future water demand is a significant factor. An
analysis of the effects that certain changes in the basic assumptions may have
on the future water supply demand is presented in Chapter IV (Sensitivity
Analysis). Included is an analysis of alternative population projections in
terms of the effect these alternative projections may have on public water use.

In addition, Chapter V (Means to Satisfy the Needs), contains an analysis of
certain other variables that affect water use in public systems, such as pricing
and metering, to demonstate how they might be used as tools to control
demand growth.

ASSUMPTIONS

Certain assumptions are used in this study in the derivation of municipal water
supply demands. The most basic assumptions, which concern population
growth, increases in per capita water use, and the industrial portion of public
supply in each community, are as follows:

a. OBERS projections, Series C, reflect future economic and
demographic trends for the Bay Area;

b. The service populationin each of the water service areas will remainasa
constant proportion of the projected census population;

¢. The 1970 per capita use rate for each water service area, for non-
industrial uses, is related to per capita income (see Figure 5-4).

d. The per capita use rate (referred to in “c” above) will grow at gradually
reducing rates as illustrated in Figure 5-5; (this is based on a 3 percent annual
growth rate at 40 gped, 1 percent at 80 gped, and one-half percent at 150 gped);

e. Publicly supplied industrial water uszin each community will remain as
a constant proportion of the subregional total industrial water publicly
supplied (see next section for additional assumptions regarding industrial
water demands.)
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f. Small centralized water supply systems, which are defined as serving
fewer than 2,500 persons, have an initial non-industrial use rate of 85 gpcd.

Other factors which influence a community’s demand for water, such as social
taste, community character, and public policies, with respect to water use and
development, are not directly addressed in the projections presented in this
chapter. Forces within society which tend to influence changes in the
magnitudes and types of water use within the cities arc assumed to remain
constant throughout the study period. However, an analysis of the possible
influence on water use that may result from institutional changes, such as the
use of metering or pricing, is included in Chapter V. As mentioned previously,
the changes in water demand occasioned by changes in population projections
are presented in Chapter IV.

METHODOLOGY

As discussed previously, municipal demands consist of several elements,
including domestic (household), commercial (restaurants, hotels, and service
stations), institutional (schools and hospitals), public (street cleaning and fire
protection), and industrial. Generally speaking, a given service population
with a particular character can be assumed to support commercial,
institutional, domestic, and public needs that are indigenous to the area. Thus,
the non-industrial components of municipal water use can be expected to grow
proportionately with population. Industrial demands, however, are more a
function of the manufacturing process involved and are not necessarily
directly related to a city’s population growth. Thus, the industrial, and the
aggregated domestic, commercial, and public demands, were projected
separately for each water service area.

Difficulties arose in attempts to determine the industrial component of the
usage in each water service area, as data regarding industrial use are not.
normally compiled as part of the management and operation of most water
systems. Thus, a Bay-wide relationship between publicly supplied non-
industrial water use and per capita income was derived in order to disaggregate
the non-industrial and industrial components of public usage for each water
service area. This approach is supported by the fact that as affluence increases,
in areas of more highly developed economies, the demand for water for
domestic purposes also tends to increase. People in the higher income levels
are better able to afford such water-using appliances as washing machines,
dishwashers, and air-conditioning. Increased incomes also tend to be
accompanied by increased demands for watering of large lawns in suburban
areas, and increasing numbers of private swimming pools. Areas of higher per
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capita income are also associated with a more extensive and diverse com-
mercial activity, as well as increased activity in the public sector.

The relationship between per capita income and per capita non-industrial
water use is shown in Figure 5-4. As derived in the Bureau of Domestic
Commerce survey of industrial water use, subregional values of all water
publicly supplied to industry were used in conjunction with aggregated total
public usage in each subregion to determine non-industrial per capita use rate
for each subregion. These per capita use rates were plotted against the average
per capita income in all areas of greater than 2,500 population in each
subregion to obtain the curve in Figure 5-4. Using Figure 5-4 and the
appropriate per capita income, an estimate of the 1970 non-industrial usage
for each water service area was derived. Adjustments were made in certain
cases in which results were unreasonabie or in conflict with existing data. Also,
the relationship in Figure 5-4 was not used for water systems that were known
to supply no industrial needs. In these instances, the 1970 non-industrial use
rate is merely that presented in Chapter 11, Table 5-1,
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FIGURE 5-4: NON-INDUSTRIAL PER CAPITA USE RATE VERSUS INCOME, 1970
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After the 1970 non-industrial per capita use rates were defined for each water
service area, projections of the per capita water uses were made using a
methodology derived by the Federal Water Pollution Control Administration
(now EPA) for the Ohio River basin Comprehensive Survey. A relationship
between per capita use rate and annual growth in use rate, as shown in Figure 5-
5, was derived through a statistical sampling and analysis of consumption in
both small and large cities. The curve was used previously in the North Atlantic
Water Resources Study and it is assumed that the future growth in per capita
water demand in the Bay Area will occur in a like manner.

Based on this curve, the annual percent rate of increase in per capita water use
will be faster in areas with lower use rates, and slower in areas with higher use
rates. For example, the usage in service areas with use rates of 150 gped will
increase more slowly than it would in areas using 40 gpcd. Also, limits in use
rates are approached using this methodology, whereas other commonly used
projection methodologies allow growth to unrealistically high levels. For
example, a standard approach in many projection methodologies is to assume

I~

—

60 80 100 120 140 160
Per Capita Use Rate (any year 1970-2020)

¥

W)

FIGURE 5-5: RATE OF GROWTH IN PER CAPITA USE RATE ) RATE (15)
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a one percent per year increase in the per capita use rate. The following is a
comparison of results using the graduated use rate method and the one percent
per year compounded method.

After 50 Years

Initial Use Rate Graduated Method 19 Compounded
(gped)
40 90 66
66 109 108
100 128 164
150 185 247

Per capita use rates, as derived for each community water system using the
graduated use rate method, are presented in attachment 5-A.

Following the above determination of projected per capita use rates, the next
step in the analysis was to project the population in each of the water service
areas. Population projections for the cities and counties of the Chesapeake
Bay Area were prepared by the Bureau of Economic Analysis (BEA), U.S.
Department of Commerce, from the OBERS Series C economic and
demographic projections. Since the service population in many of the water
service areas differed from the known census population in many of the
communities (usually due to service outside the defined geographical limits of
the community), it was assumed that the proportion between the two
population numbers would remain constant from the base year (1970) through
the year 2020. The ratio between the service and census population for each
community, when applied to the projected census population, as provided by
BEA, yields the estimated future service population in each comn:unity for
each goal year. The projected service populations for each water service area
are presented in Attachment 5-A.

Given the projected per capita use rates and the expected populations of the
water service areas, the future non-industrial demands on the large systems are
the product of the two parameters.

The Industrial water that is publicly supplied in each of the water service areas
was disaggregated from the total subregional industrial demands. The
projected amount of water publicly supplied to industry for each subregion
was disaggregated to the various water service areas based on a shares analysis
of future employment growth within each water service area. Implicit in this
approach is the assumption that the water utilities will indeed continue to
supply expanding industrial needs. It is acknowledged, however, that policy
decisions at the local level may influence the future magnitude and distribution
of industrial demands in the area.
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Small water systems (those serving fewer than 2,500 persons) were projected as
an aggregate, by subregion, using the same per capita rate of increase curve as
for larger systems (Figure 5-5). Populations were derived by relating
projections of total county population to the population of small towns and
cities. The historical percentage increase in the growth of small towns and
cities in the Chesapcake Bay Area was found to vary according to the
regression: 6.0 + 2.33Xj, where Xj represents the percent increase in county
population over the previous decade. Based on previous studies and
observations of average water use in the Eastern United States, an initial non-
industrial water use rate of 85 gpcd was selected as being representative of the

average use in small systems in the Bay Area. It was assumed that there wasno

industrial component of demand in the small systems.

PROJECTED MUNICIPAL DEMANDS

Based on the methodology discussed in the preceding section the municipal
demands were developed. These are presented in Table 5-7, by subregion, for
each Water Service Area in the Chesapeake Bay Area. The non-industrial and
industrial components, and the total are shown for each goal year, and sums
tabulated for each subregion. In some cases, the present demands in some
service areas exceed the amount that would normally be expected based on the
income or industrial activity of the community. These “unaccounted
demands” are carried through as a constant for all the goal years. In such cases,
the particular water service area in question is asterisked. These unaccounted
for amounts may result from any number of factors, including excess leakage
(as is probably the case at Crisfield), unusual military or institutional use (such
as at Williamsburg), or public usage in excess of what might be expected (as is
the case at Washington). Results for the aggregated water use by small systems
in each subregion are detailed in Table 5-8.

INDUSTRIAL WATER SUPPLY DEMANDS

In the previous chapter, industrial water withdrawals were shown to be 1,615
mgd. Of this, however, only 37 percent was from fresh sources, illustrating the
importance of brackish water to the industries around the Chesapeake. Other
sources include groundwater, surface water, and one instance of wastewater
reuse in the Baltimore arca. Most of the demands were shown to be
concentrated at Baltimore, Richmond, and the Hampton Roads areas. These
centers of industrial activity are expected to form the focus of future growth
and industrial expansion as well.
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A major consideration in the projection of industrial water supply demands is
the fact that federal water quality goals may impact heavily on industrial water
use habits. The 1972 Amendments to the Federal Water Pollution Control Act
(PL 92-500), require application of “best practicable” treatment technology by

1978, and of “best available” technology by 1983 (without further defining the

quoted terms). In addition, the act advocates that a goal of “zero discharge” of
pollutants be sought. Asa result, improved recycling technology will probably
occur as industries begin to comply with directives, and strive for higher levels
of waste treatment.

Significant reductions in intake demand are associated with increased
recirculation within an industry. The more that water is recirculated, the less
water is needed to replace that discharged. Future water use patterns will thus
depend on the degree to which recirculation technology is utilized by the
industries in the Chesapeake Bay Area. In consideration of this, three
alternative sets of projections were dcvéloped to reflect various degrees of
recirculation.

The projections vary only in the projected rates of recycling. Such measures of
economic growth as production, employment, and earnings are thus the same
in all three cases. Following a discussion of the derivation of the alternative
projections, the assumptions and methodology used to accomplish the third
and final set, which was selected for use in the balance of the report, is
presented. The Sensitivity Analysis, to be included as a later chapter in this
report, presents, and makes comparisons between, the industrial water supply
demands that result from all three of the alternatives.

DISCUSSION

The results of the survey of industrial establishments and water use, as
presented in Chapter II, were developed by the Bureau of Domestic
Commerce, U.S. Department of Commerce (BDC), under contract with the
Baltimore Dastrict, U.S. Army Corps of Engineers. The balance of the work
performed under this contract involved the projection of future industrial
demands. The projections were derived by assuming (in part) that each
industry group will achieve, as an average, the maximum theoretically,
possible recycling rate (R), by 2020, where R = G/I as defined previously in
Chapter 1. Very marked reductions in industrial withdrawal demands and
discharges result from this methodology which is termed Projection Set 1. The
gross water use and consumption figures generated in this initial analysis also
formed the basis for derivation of the intake demands for all three projection
sets.

The values for “recycling rate”, obtained through the BDC survey of individual
plants, reflect all combinations of in-plant process technology and/or water
recycling in the strict sense. The terms “technology” and “recycling” are thus
used interchangeably in this report to refer to advances in efficiency in
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industrial water use, whether it be through improved production processes
(which are important factors in certain types of industry) or recycling (which
usually occurs in cooling and/or by-product recovery operations).

For comparison purposes, Projection Set 2 was developed which assumed
industry would maintain present rates of recycling technology throughout the
goal years. Water withdrawal requirements in this case increase
proportionally with the projected gross water demand.

A comparison of the plots of the recycling rate associated with Projection Set 1
(assuming implementation of advanced technology) and Set 2 (constant
technology) is shown in Figure 5-6. Upon examination, the two projection sets
were felt to represent what might best be termed an “envelope” of values that
reflect the impact of recycling in future industrial water use, It is felt, for
example, that future industrial recycling practice will most probably exceed
the conditions of constant recirculation (Set 2). In addition to the influence of
the national water quality goals, other factors are known to increase industrial
water reuse and subsequently reduce withdrawal requirements. For example,
recirculation of supplies is utilized by some industries to recover materials in
the process water. Other industries increase their recycling ratios to, very
simply, conserve water.

Regarding Projection Set 1, it is likely that a future review and analysis of the
National water quality goals may eventually result in a redefinition of certain
water quality standards. This would in turn permit industry to fall back from
the “maximum theoretically possible” recycling rates, as assumed in
Projection Set 1, It has been estimated by the National Water Commission, in
their report to the President in 1973, that attainment of the 1983 water quality
goals would cost industry $108 billion (in 1972 dollarss!). It is questionable
whether the expenditure of these funds by industry (and ultimately the
consumer and taxpayer) will provide equal benefits in terms of environmental
quality. It has been estimated by a major chemical manufacturer, for example,
that by 1977, 93 percent of their potential BOD will be removed. To remove
the next 5 percent will require an additional capital investment of $78
million—a 50 percent investment increase to achieve a mere 5 percent
improvement?°,

In view of the above considerations, a third set of industrial demands was
derived that reflects a moderate future growth in water use technology.
Projection Set 3 was made based on a straight-line continuation of the 1975 to
1980 trénd in recycling as projected by BDC for each major industrial sector.
The resultant plot of Projection Set 3, shown in Figure 5-7 as “moderate
technology,” illustrates the trend as compared with Projection Sets I and 2,
and with historical recycling rates at the national and regional levels. The
historical data were compiled from the Special Report Series volume: “Water
Use in Manufacturing,” from the U.S. Department of Commerce’s Census of
Manufacturers.
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INDUSTRIAL WATER USE TECHNOLOGY,
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TRENDS IN INDUSTRIAL WATER USE TECHNOLOGY, -
PROJECTION SETS 1,2, AND 3
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This discussion was presented in order to trace the development of the
industrial water demands used in this report. Specific assumptions and details
of the methodology are included in the following two sections.

ASSUMPTIONS

Certain basic assumptions were used in the projection of industrial water use
for the Chesapeake Bay Area. Uncertainties as to future trends in such things
as employment, the Gross National Product, and National water quality
goals \make certain assumptions necessary. Basic assumptions are also needed
concerning the future industrial mix, geographical site locations, and possible
improvements in water use technology.

As stated previously, gross water demands remain the same in each of the three
projection sets. In the methodology used by the Bureau of Domestic
Commerce to derive these gross demands, the following assumptions were
made:

a. Gross demands for each industrial sector grow in relation to Gross
Product Originating (GPO), as derived from OBERS projections of earnings.

b. Projections of consumptive use are based on a continuation of the 1970
observed relationship of consumption and gross demand. ‘

Projection of water intakes for Projection Set 1 involves a series of
assumptions regarding future recycling:

a. “Best available technology” is reflected by the average of the 20 highest
recycling ratios reported by any particular 4-digit SIC industry in the 1970

BDC National survey, including the more efficient production technologies.

b. The weighted average of the 4-digit “20-best” reflect the recycling ratios
for the entire industry group (2 digit), by 1985.

c. For the year 2000, each industry group will achieve their maximum
theoretical recycling rate, towards the National goal of zero discharge of
pollutants (the theoretically possible recycling rate is calculated from current
gross water uses and projected minimum intakes).
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Projection of water intakes in Projection Set 2 assumed a continuation of
recycling rates at the 1970 level for each major water-using industrial sector.
The water intakes derived in Projection Set 3 assume a straight line
continuation of the 1975 to 1980 trend projected in Projection Set 1.

METHODOLOGY

The most important parameter in projecting industrial water needs is the gross
water demand, since it is from this that projections of withdrawals and
consumptive losses are determined, and upon which the accuracy of all other
use components depend.

The gross water demand may be expected to vary directly with manufacturing
output—the more products, the greater the demand for water. For the
manufacturing sector as a whole, this expectation has been confirmed in the
last four censuses of manufactures. In those censuses, the gross water demand
per unit output (measured in constant dollars value added in manufacturing)
has remained relatively constant, varying by less than 2 percent.

Gross water demands were projected by developing coefficients for each major
water-using industry group and the residual industries as a single group by
relating the reported 1970 gross water demands to the production proxy
(GPO). The latter was derived from the constant dollar earnings and
conversion factors provided for the Chesapeake Bay Study in the economic
forecasts of OBERS (Office of Business Economics and the Economic
Research Service).

The gross water demand can be satisfied by any combination of withdrawal
and recycling of water, with the options ranging from once-through use of
water, in which case withdrawal equals gross water demand, to a completely
closed recycling system in which, after the initial input of water, the
withdrawal requirement reduces to zero. It is obvious, then, that if the gross
. water demand is to be met, the extent to which recycling is practiced
determines the amount of water that will be withdrawn. Except for the most
simple of manufacturing operations, however, a closed system is impractical,
and, manufacturing operations being generally complex combinations of
operations, water is consumed or lost from the system by evaporation, leaks,
incorporaton into products, ¢tc. In any system in which the gross demand is
met in whole or part by recycling, those consumptive losses must be made up
by equivalent additions of new intake water. Consumptive losses, then, impose
a minimum requirement for withdrawal, and impose a theoretical limit on the
ratio of recycled water to gross demand.
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Consumption of water as an element-in industrial water use is derived by
subtracting reported discharges from reported withdrawals. There are
inherent errors in this derivation, however, which result from the lesser
reliability of the discharge quantities reported (usually estimated) as compared
to the reported withdrawals which are usually obtained from meter readings
and pumping records. As a result of this, the relationship of consumptive use
to gross water demand, or to value added, appears in the Census of
Manufacturers to be inconsistent. In this study, because consumptive losses
are a critical parameter in the forecasts for future planning, these
inconsistencies have been ignored and projections of consumptive use have
been based on a continuation of the observed relationship of consumption to
gross demand as revealed in the BDC 1970 survey, converging that
relationship to the National averages for any particular industry group for
which the regional ratios appeared to be unreasonable.

The projected withdrawal requirements (intake) were derived differently for
the three alternative projection sets. The methodologies used for derivation of
each set are discussed in the following subsections.

Projection Set 1

While it 1s acknowledged that recycling practices in manufacturing are
influenced by many factors, the projected withdrawal requirements for
Projection Set 1 were calculated by assuming that improved recycling
practices will occur in the future as higher levels of waste treatment are
instituted by the manufacturers as required by the 1972 Amendments to the
Federal Water Pollution Control Act (PL 92-500). To couple the timetable of
improved waste-treatment to projections of industrial water withdrawals, the
following assumptions and calculations were made.

It is assumed that the current “best-available” technology is reflected in the
average of the 20 highest recycling ratios reported by all individual
establishments in any 4-digit SIC industry in the 1970 BDC nationwide survey.
The averages are generally referred to as the “20-best” file. Weighing these 20-
best averages for the 4-digit SIC industries by the gross water used in each, an
equivalent recycling ratio for each 2-digit SIC group was produced. This ratio
was then assumed to be achieved by the entire industry group, regionally and
nationally, by 19835,

For the year 2000, it was assumed that each industry group will, in the process
of achieving the national goal of zero discharge of pollutants, achieve the
maximum theoretically possible recycling rate. The theoretical maximum
recycling rate is calculated from current gross water uses and projected
minimum intakes. The latter is the sum of current consumption and additional
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consumptive losses that could result from the requirements to abate thermal
pollution from all non-contact cooling water used in manufacturing. The
losses were estimated on the basis of probable evaporative losses by 2000 from
the use of cooling towers and ponds.

From the calculated gross water demands and recycling rates from 1985 and
2000, withdrawal requirements were derived and the degree to which recycled
water provided for the gross demand was determined as percent recycled
water. For the interim years 1980 and 1990, the percentages of recycled water
were computed by compound interest rate formulae based on the differences
between values developed for 1970, 1985 and 2000. Beyond the year 2000,
recycling rates are kept constant at the theoretically maximum achievable year
2000 rates. The results of this analysis are presented in their entirety in the
Sensitivity Analysis section of this report.

Projection Set 2

Industrial water withdrawals were derived in Projection Set 2 by assuming
that the recycling rates identified in the BDC survey of industrial water use
would remain constant within each industrial sector through the year 2020.
Results of this set of calculations are presented in the Sensitivity Analysis
section of this report.

Projection Set 3

As discussed previously, Projection Set 3 was developed as a compromise
between Projection Sets 1 and 2, being reflective of a more moderate growthin
recycling. Future recycling rates for each major industrial sector were
determined through a straight-line extension of the 1975 to 1980 trend as
projected by the Bureau of Domestic Commerce.

Use of Projection Set 3 acknowledges that, while recycling rates will indeed
continue to improve, it is more likely that a lesser degree of implementation of
technology in industrial water reuse will occur than that assumed in Projection
Set 1. It is in response to this possibility, and towards the desire for a more
conservative planning guide, that Projection Set 3 was sclected for use in the
balance of the analysis.
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PROJECTED INDUSTRIAL DEMANDS

Projections of industrial water demands, as derived through the methodology
and assumptions implicit in Projection Set 3, are presented in this section.
Gross demands, intake, consumption, and discharge are presented for each
major water-using industrial sector, and for the manufacturing industries as a
whole, in Table 5-9. Industrial water use is also presented on a subregion by
subregion basis in Table 5-10. Water intake requirements for each subregion
and each goal year are disaggregated as to source, i.e., whether the supply is
expected to derive from fresh or brackish sources, and whether the freshwater
will come from ground or surface courses. Table 5-10 also shows whether
demands are expected to be met by the industries themselves or through public
systems. Each of these components has been computed by assuming thateach’
will remain as a constant proportion of total intake through the entire study
period.

AVAILABLE WATER SUPPLIES

In order to identify future freshwater supply shortages in the major
communities of the Chesapeake Bay Area, demands for water supply in each
of the defined Water Service Areas are compared with the capacities of the
existing systems. Capacities are defined in two ways: as the “safe yield” of
presently developed sources, and the capacity of existing pumping systems and
treatment plants. The capacities of these systems and sources are presented in
this section. The influence of post-treatment storage facilities, as to their effect
on the amount of water available during droughts, are neglected for the
purposes of this report.

This study has also undertaken an analysis of the overallamount of water that
could be developed from all possible sources and made available for use in the
area. In this analysis, water supply demands in each subregion for all uses
(except cooling in electric power generation) are aggregated and compared
with the total of all presently developed freshwater resources and estimates of
the resources that could potentially be developed. The total resource includes
existing streamflows and diversions, estimates of maximum sustainable
groundwater yields, and safe yields of existing reservoirs.

HYDROLOGIC CONSIDERATIONS

The hydrologic cycle in the Bay Area can be viewed as a closed system. In
general, conservation occurs in that the amount of water falling as
precipitation balances, in the long run, the amount leaving the region through
evapotranspiration, stream runoff, or by the discharge of groundwater out of
the area. A particular unit of water may, however, undergo many uses and
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TABLE 5-9

WATER USE IN MANUFACTURING,
BY SECTOR, CHESAPEAKE BAY AREA, mgd

PROJECTION SET 3
Gross
Water
Demand Intake Consumption
ALL MANUFACTURING
1970 2,607.9 1,615.5 74.2
1975 3,512.5  1,823.9 112.5
1980 4,408.2 1,581.4 157.5
1990 6,001.6 1,344.1 246.4
2000 8,591.5 1,397.8 341.3
2020 17,290.2  1,822.9 652.4

FOOD & KINDRED PRODUCTS (SIC 20)

1970
1975
1980
1990
2000
2020

79.7
95.4
111.1
146.0
196.4
343.9

74.3
81.3
75.3
70.2
73.2
88.4

5.6
6.1
6.4
6.3
8.4
14.8

PAPER & ALLIED PRODUCTS (SIC 26)

1970 644.8
1975 848.2
1980 1,051.6
1990 1,546.1
2000 2,334.9
2020 5,145.5
CHEMICALS (SIC 28)
1970 402.5
1975 560.1
1980 719.3
1990 1,131.5
2000 1,804.5
2020 4,319.3

Aomendix 5
56

72.8
88.1
100.9
128.7
171.7
306.7

328.1
382.6
342.3
335.1
388.0
599.9

7.6
17.8
25.2
49.5
74.6

164.4

14.5
19.6
24.5
33.9
54.2
129.7

Discharge

1,541.3
1,711.4
1,423.9
1,097.7
1,056.5
1,170.5

68.7
75.2
68.9
63.9
64.8
73.6

65.2
70.3
75.7
79.2
97.1
142.3

313.6
363.0
317.8
301.2
333.8
470.2

Recycling
Rate

1.61
1.93
2.79
4.47
6.15
9.48

1.07
1.17
1.48
2.08
2.68
3.89

8.86
9.63
10.42
12.01
13.60
16.78

1.23
1.46
2.10
3.38
4.65
7.20
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TABLE 5-9 (Cont’d)

WATER USE IN MANUFACTURING,
BY SECTOR, CHESAPEAKE BAY AREA, mgd

Gross
Water

Demand Intake
PETROLEUM (SIC 29)
1970 81.6 76.3
1975 99.8 79.4
1980 105.3 63.3
1990 136.9 52.6
2000 178.9 50.5
2020 294.8 54.4
PRIMARY METALS (SIC 33)
1970 1,094.6 882.3
1975 1,423.4 965.5
1980 1,752.1 815.6
1990 2,203.2 630.2
2000 2,823.6 582.9
2020 4,536.8 601.7
OTHER MANUFACTURING
1970 304.7 181.7
1975 490.6 227.0
1980 668.8 184.0
1990 837.9 127.3
2000 1,253.2 131.5
2020 2,649.9 171.8

Consumption

0.7
0.9
1.2
1.9
2.5
4.1

35.1
54.1
78.8
130.0
166.6
267.7

10.7
14.0
21.4
24.8
35.0
71.7

Discharge

75.6
78.5
62.1
50.7
48.0
50.3

847.2
911.4
736.8
500.2
416.3
3340

171.0
213.0
162.6
102.5

96.5
100.1

Recycling

Rate

1.07
1.19
.1.66
2.60
3.54
5.42

1.24
1.47
2.15
3.50
4.84
7.54

1.68
2.16
3.63
6.58
9.53
15.42
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TABLE 5-10
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3

SUBREGION 1
1970 1980 1990 2000
GROSS USE 1226.1 2179.2 2751.8 3608.4
INTAKE 990.7 1034.2 830.2 793.3
-Public Supply 70.0 69.2 52.6 49.2
=Brackish 781.2 825.7 638.1 604.5
~Self-Supplied, fresh 17.3 17.1 13.0 12.0
Ground 14.4 14,2 10.8 10.0
Surface 2.9 2.9 2.2 2.0
-Wastewater 122,2 122.2 126.5 127.6
CONSUMPTION 43.7 114.2 156.0 201.5
DISCHARGE 947.0 920.0 674.2 591.8
SUBREGION 2

1970 1980 1990 2000

GROSS USE 35.5 44.5 52.2 71.6
INTAKE 34,8 34.6 30.8 33.8
-Public Supply 3.0 3.0 2.6 2.9
=Brackish 0.7 0.7 0.6 0.6
-Self-Supplied, fresh 31.1 30.9 27.6 30.3
Ground 30.0 29.8 26.7 29.1
Surface 1.1 1.1 0.9 1.2
CONSUMPTION 0.9 1.4 1.9 2.5
DISCHARGE 33.9 33.2 28.9 31.3
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TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3

&

SUBREGION 3
1970 1980 1990 2000 2020
e
GROSS USE 2.6 3.3 4.1 5.4 9.2
INTAKE 2.3 2.0 1.7 1.7 1.9
~Public Supply 0.3 0.3 0.2 0.2 0.2
—Brackish 0.1 0.1 0.1 0.1 0.1
-Self-Supplied, fresh 1.9 1.6 1.4 1.4 1.6
Ground 1.9 1.6 1.4 1.4 1.6
Surface 0.0 0.0 0.0 0.0 0.0
CONSUMPTION 0.2 0.2 0.2 0.2 . 0.4
DISCHARGE 2.1 1.8 1.5 1.5 1.5
SUBREGION 4%
1970 1980 1990 2000 2020
GROSS USE 82.7 86.4 53,12 81.1 175.0
INTAKE 65.6 43.5 18.0 20.6 29.5
-Publie Supply 2.7 1.8 0.7 0.8 1.2
~Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh  62.9 41.7 17.3 19.8 28.3
Ground 14.9 9.9 4,1 4.7 6.7
Surface 48.0 31.8 13.2 15.1 21.6
CONSUMPTION 1.9 2.8 2.3 3.4 7.5
DISCHARGE 63.7 40.7 15.7 17.2 22.0

l1neludes Kent County, Delaware.

Zyater use per dollar Gross Product Originating ($GPO) in predominant food
industries was deemed high by BDC. Therefore, use rates were trended to equal
Baltimore regional averages by 1990, increasing thereafter.

)
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TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 5

1970 1980 1990 2000 2020
GROSS USE : 5.4 8.0 12.0 18.6 41.8
INTAKE 4.7 6.6 8.5 11.3 19.7

-Public Supply 3.3 4.6 6.0 8.0 13.8
~Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh 1.4 2.0 2.5 3.3 5.9
Cround 0.1 0.2 0.1 0.2 0.4
Surface 1.3 1.8 2.4 3.1 5.5
CONSUMPTION 0.2 0.3 0.5 0.6 1.2
DISCHARGE 4,5 6.3 8.0 10.7 18.5
SUBREGION 6
1970 1980 1990 2000 2020
GROSS USE 0.8 1.33 2.13 3.47 7.47
INTAKE 0.8 1,33 2.13 3,47 7.47
-Public Supply 0.1 0.17 0.27 0.43 0.93
~Brackish 0.0 0.00 0.00 0.00 0.00
-Self-Supplied, fresh 0.7 1.16 1.86 3.04 6.54
Ground 0.7 1.16 1.86 3.04 6.564
Surface 0.0 0.00 0.00 0.00 0.00
CONSUMPTION 0.1 0.10 0.10 0.10 0.24
DISCHARGE 0.7 1.23 2.03 3.37 7.23
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GROSS USE
INTAKE
-Public Supply
-Brackish
-Self-Supplied, fresh
Ground
Surface

CONSUMPTION

DISCHARGE

GROSS USE
INTAKE
~Public Supply
~-Brackish
-Self-Supplied, fresh
Ground
Surface

CONSUMPTION

DISCHARGE

1970

32.9

TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD

PROJECTION SET 3
SUBREGION 7

1980

57.9

SUBREGION 8

1980
746.2

268.9
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GROSS USE
INTAKE

~Public Supply
-Brackish

Ground
Surface

CONSUMPTION

DISCHARGE

GROSS USE
INTAKE

=Public Supply
-Brackish

Ground
Surface

CONSUMPTION

DISCHARGE

Apnendix 5
62

0.2
10.3
-Self-Supplied, fresh 16.1
16.0
0.1

4.6
0.6
-Self-Supplied, fresh 5.0
5.0
0.0

PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 9

TABLE 5-10 (cont'd)

1980

SUBREGION 10

1980
184.6

58.8
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TABLE 5-10 (cont'ad)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 11

1970 1980 1990 2000 2020
GROSS USE 32.3 53.5 73.3 109.1 236.7
INTAKE 25.3 16.4 13.0 13.6 18.5
-Public Supply 5.6 3.6 2.9 3.0 4.1
-Brackish 15.9 10.3 8.1 8.6 11.6
-Self~-Supplied, fresh 3.8 2.5 2.0 2.0 2.8
Ground 3.8 2.5 2.0 2.0 2.8
Surface 0.0 0.0 0.0 0.0 0.0
CONSUMPTION 1.3 1.6 2.4 3.6 7.7
DISCHARGE 24,0 14.8 10.6 10.0 10.8
SUBREGION 12
1970 1980 1990 2000 2020
GROSS USE 621.8 963.1 1424.0 2161.1 4821.4
INTAKE 50.4 65.1 94.4 137.3 281.4
-Public Supply 0.6 0.8 1.1 1.7 3.5
=-Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh 49,7 64.3 93.3 135.6 277.9
Ground 44,9 58.1 84.3 122.5 251.0
Surface 4.8 6.2 9.0 13.1 26.9
CONSUMPTION 4.8 31.8 47.0 71.3 159.2
DISCHARGE 45.6 33.3 47.4 66.0 122.2
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exist in several forms within the cycle. Problems thus arise in an attempt to
quantify the supply of water available at a particular time and place, since it
varies constantly in quantity and state. It can occur as moisture in the
atmosphere, groundwater, reservoir storage, and surface-flowing streams.

Water in free-flowing streams is subject to periods of low rainfall during which
streamflows may dramatically decline. The variability of flow in a stream is
also a function of topography, the characteristics of the adjacent groundwater
aquifers, the type and extent of vegetative ground cover in the basin, and land
use. Maintenance of a streamflow record at a particular stream gaging station,
over a period of years, enables construction of a “frequency-duration” curve.
This curve can be used to determine the average flow of the stream to be
expected for a particular duration (typically 1, 7, or 30 days), and particular
recurrence interval (usually years).

While the amount of rainfall can have-a critical influence on short-term water
availability, other factors influence long-term water availability.
Urbanization, for example, can directly and indirectly affect the quality and
quantity of available supplies. The replacement of forests and other natural
vegetative cover with the impervious surfaces of the city, reduces water
penetration to the natural groundwater reservoirs, thus reducing groundwater
storage. Groundwater storage, which provides flow to the streams during dry
periods, becomes reduced and flooding becomes serious due to the rapid
runoff during periods of heavy rainfall. The high concentration of population
in urbanized areas also affects the water supply availability downstream due to
the massive discharges of municipal and industrial wastes. Thus, the very
growth that generates the water supply demands may, at the same time,
deplete or degrade the existing available resource. Uncertainty concerning
future trends in these factors complicates an assessment of water availability.

Areas utilizing groundwater sources, on the other hand, may have additional
problems. In coastal or near-shore locations, excessive pumping may cause
salt-water intrusion. Fresh groundwater reservoirs normally exert a head on
the adjacent salt-water body since they extend above sea level and discharge
under the force of gravity to the sea. Under heavy pumping, the water table will
drop, and, if not replenished sufficiently by recharge, salt water may pollute
the wells. Wells might become useless for years under these conditions. Care
must also be taken that septic tank seepage, landfill drainage, or other
pollutants are not allowed to penetrate to groundwater supplies.

In certain areas of the country subsidence hasoccurred due to a drawdown of
the water table. The removal of water from the pore spaces in the aquifer
allows compaction of the soil and a lowering of the overlying land surface. The
decrease in porosity of the aquifer causes a reduction in the potential amount
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of water recoverable. Aside from this, direct curtailment of pumping may be
required due to social and economic impacts resulting from the subsidence.

Although many factors influence a determination of water supply availability,
estimates can, and must be made of the available resource. Thorough
hydrologic investigation of an area’s resources is necessary in order that
potential regional shortages can be forecast. Also planning for urban and
community development, at the local level, must, of necessity, include
provisions for water supply to insure the health and general well-being of both
its citizens and business communities. The assumptions employed in assessing
the Bay Area’s available water supply are discussed in the following section.

ASSUMPTIONS AND CRITERIA

The following assumptions and accompanying criteria were necessary to
assess the available water resource:

a. Well yields for each particular system were assumed to be the 12-hour
continious pumping yield as provided by the various State Departments of
Health, except as noted.

b. Presently developed reservoir capacities are as defined by the particular
owner and/or manager of the facility.

¢. For run-of-the-river sources, the amount available is defined variably as
the 30, 7, and 1-day low flow of the stream, at a 50-year recurrence interval.

d. Assessment of the streamflow available in each subregion, for
comparison with demands for a// uses, is the sum of the 7-day, 10-year low
flows of undeveloped streams of greater than S cfs discharge.

e. Groundwater availability for each subregion is as estimated by various
state and federal studies completed to date.

f. The subregional resource evaluation does not make allowance for
potential reservoir development, unless presently slated for construction.

METHODOLOGY AND RESULTS

Water supply availability is defined in two different ways for use in the
assessments presented in this report. First, the supply capabilities associated
with each water service arca are presented, and then the overall resource
capability within each of the 12 subregions of the Bay Area is assessed.
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Water Service Area Supply

For purposes of this study, the available supply is defined for each water
service area by both the source capacity, and the system (“hardware”)
capacity. The source capacity is the dependable supply that can be expected
under drought conditions, measured in million gallons per day (mgd). The
criteria vary depending on the type of supply source. The system capacity
refers to the capacity of the hardware of the system, encompassing for the
purposes of this study the intake pipe and pumps and the treatment plant.
Source and system capacitics for each water service area are listed in Table 5-
11: The smaller of either the source or hardware capacity was used to assess
each system’s capability to meet future demands.

For water service areas supplied by reservoirs, the available supply is taken as
the “safe-yield,” as defined by the particular water authority. Most of the
systems using reservoirs define their safe-yield by the amount of water
available during the drought of record. For example, Baltimore’s reservoir
system has a defined safe-yield of 243 mgd, based on the 1964-65 drought;
while Newport News estimates its safe-yield at 35 mgd, based on the 1954-55
drought.

Only seven WSA’s utilize run-of-the-river flows exclusively for their water
supply: Havre de Grace and Bel Air, Maryland; Washington, D.C.; and
Fredericksburg, Ashland, Richmond, and Hopewell, Virginia. These systems
are particularly vulnerable to stream flow variation since drought deficiencies
cannot be made up by drawing on reservoir storage.